In this work, the solubility of ethylene in methyl propionate was measured within a temperature range of 283.5-464.8 K and pressures up to 10.7 MPa. Experiments were carried out using the Cailletet apparatus, which uses a synthetic method for the experiments. The critical points of several isopleths have also been determined experimentally for this system. The Peng-Robinson equation of state was used to predict the solubility of ethylene in methyl propionate. The absolute average deviation for all of the calculated points was 5.8%.
Introduction
Fatty acids are very important material in the chemical industry because they can be used as raw material for producing various compounds. Methyl esters are alternatives to fatty acids that can be used for the production of several derivatives. However, using methyl esters can have some advantages in comparison to fatty acids. Generally, esters are easier to fractionate than the fatty acids due to their lower boiling points. They are also usually more stable and less corrosive than the corresponding fatty acids [1] .
Methyl propionate is one of the methyl esters, with a number of applications in the industries, for example, as a reactant for producing methyl methacrylate; as raw material for producing paints; as one of the ingredients of perfumes; and as a flavor additive in the food industry.
Methyl propionate can be produced by the esterification of propionic acid, but industrially, it is prepared by the reaction of ethylene with carbon monoxide and methanol in the presence of nickel carbonyl in the temperature range of 160-200 C and pressures up to 50 bar [2] :
As can be seen from this reaction, there is no waste nor by-product; therefore, the produced methyl propionate only needs to be separated from the unreacted reactants, commonly by distillation. Therefore, methyl propionate can be considered as a chemical whose production is green for the environment. Ethylene, carbon monoxide, and methanol are very common reactants for producing hundreds of chemicals, using different combinations of these reactants.
In order to have a better understanding of the phase behavior of the different constituents of the methyl propionate reaction, in this work, we have studied the solubility of ethylene in methyl propionate. The temperature range of our experiments was within 283.5-464.8 K and pressures were measured up to 10.7 MPa. The Peng-Robinson equation of state (PR EOS) [3] was then used to predict the solubility of ethylene in methyl propionate. Table 1 indicates the suppliers and the purities of ethylene and methyl propionate used in this study. These chemicals were used without further purification. The experiments were carried out in a Cailletet apparatus. The main part of this apparatus is a capillary glass tube, called the Cailletet tube, with one closed end. This tube works as the equilibrium cell. For the VLE experiments of the binary system of ethylene + methyl propionate, a fixed amount of methyl propionate was injected into the equilibrium cell and then a known volume of ethylene at known temperature and pressure was added to the Cailletet tube. In this way, a binary sample with known composition was synthesized. The open end of the Cailletet tube was submerged in mercury, and was placed in the autoclave of the Cailletet apparatus. In this equipment, pressure (or temperature) can be fixed, and temperature (or pressure) can be changed until a phase change is visually observed for the synthetic sample in the Cailletet tube with known composition. Temperatures can be set between 250 and 450 K in this apparatus depending on the thermostat fluid which is used inside the apparatus. The phase transition can be measured at pressures up to 15 MPa. The Cailletet tube is placed in a glass jacket, in which thermostated silicone oil, from a thermostat bath, is circulated. The fluctuations of the bath temperature are not more than 0.04 K. A platinum-resistance thermometer is placed very close to the equilibrated sample to measure temperature. The accuracy of the temperature readings are AE0.01 K. The pressure is kept constant and measured using a dead weight gauge with an accuracy of AE0.003 MPa for the whole range of the pressure measurements. Shariati and Peters [4] have previously explained the Cailletet apparatus extensively.
Experimental

Modeling
The PR EOS [3] was used to calculate the solubility of ethylene in methyl propionate:
In the above equation, P is pressure, T is temperature, and v is the molar volume. The parameters a and b for a pure component are determined using its critical temperature, T C , critical pressure, P C , and acentric factor, v, as follows:
The classical mixing rules were used for calculating the parameters a and b of the mixture:
In Eqs. (7) and (8),x is in mole fraction and k ij is the binary interaction parameter between components i and j. In order to evaluate the predictive capability of the PR EOS for determining the phase behavior of the binary system of ethylene + methyl propionate, the calculations were performed without the use of any binary interaction parameters. For determining the solubility of ethylene in methyl propionate at different conditions, an algorithm for bubble point calculations was used [5] . Table 2 presents the experimental bubble point pressures of the binary system of ethylene + methyl propionate for eight different isopleths. In the case of those isopleths for which the critical point of the mixture was also determined, the critical temperatures and pressures have been marked with a star symbol in Table 2 . These critical points were measured visually by considering the physical criteria of the critical point, such as critical opalescence and equality of the volumes of the two phases becoming critical. Fig. 1 shows these data in a P-T diagram for all of the mixture isopleths. As can be seen in Fig. 1 , for the two isopleths having mole fractions Table 1 The suppliers and the purities of the chemicals.
Results and discussion
Chemicals
Supplier Purity Ethylene Linde 99.9 mol% Methyl propionate Fluka 99.8 mass% Table 2 Bubble point pressures of the binary system of ethylene + methyl propionate for several isopleths.
Mole fraction of C 2 H 4 = 0.0408 Mole fraction of C 2 H 4 = 0.3218 of ethylene equal to 0.4839 and 0.6404, there is a maximum in the bubble point pressure curve of the mixture. This means that the critical points of such mixtures are on the right side of their P-T phase envelope. There are no data available in literature on the phase behavior of this binary system for comparison with our results. Fig. 1 also presents the results of modeling using the PR EOS, in its predictive mode, for the bubble points of the system of ethylene + methyl propionate. As can be seen from Fig. 1 , the predictions of the PR EOS are acceptable. It is capable to predict the general trend of the phase behavior of this system correctly. The AAD% of the PR EOS for all of the calculated bubble points was 5.8%. Fig. 2 shows the P-x diagram of the system of ethylene + methyl propionate at 360 K. Since the temperature of 360 K is higher than the critical temperature of ethylene (282.5 K), the P-x diagram of this system could not cover the whole range of the concentrations at this temperature. The experimental data obtained in this study on ethylene solubilities in methyl propionate in a range of temperatures and pressures can assist in the proper operation and optimization of current processes, as well as in feasibility studies for future processes and separation techniques involving these substances. u(T) = 0.04K; u(P) = 0.003 MPa; u(x) = 0.0050 a Critical temperature and pressure of the isopleth. 
